Surface plasmon excitation using a variation of Kretschmann method based on light guiding through an optical fiber has been extensively studied in the literature. But, due to its particularly bad propagation conditions, plastic optical fiber was not taken into account in documented experiments. We propose a low cost sensor using this type of fiber, in which we try to avoid the problems both through careful design and signal processing. First of all we discuss the sample fabrication and measurement in section 2; then the results obtained are discussed in section 3, including the problems faced because of the multimode character of the fiber, for which we propose alternative sample shapes as a mean of reducing them. As a conclusion we propose a roadmap to design a low cost sensor based in the structures studied in this paper.
INTRODUCTION
The surface plasmon resonance (SPR) phenomenon is known from late 60's, since then this method has made great advances in manufacturing and applications. Sensors based on SPR had been developed, and efforts were being made to improve their performances. After the Kretschmann configuration for SPR excitation on a metal/dielectric interface using a prism 1 numerous configurations based on integrated optics waveguides and optical fibers 2, 3 have been proposed. Introduction of optical fibers in the SPR sensing system is based on the guidance of light into the optical fiber by total internal reflection (TIR) where the core of an optical fiber replaces the prism in Kretschmann configuration. The basic principle involved in these sensors is the excitation of the surface plasmon existing on the air-gold interface through the coupling of light to the structure; this coupling is specific to a particular wavelength and sensitive to the refractive index, a dependence which allows its usage as a sensor. The advantages introduced by the optical fiber over prisms are their flexibility, small dimensions, easy handling and remote sensing capability. The metal film deposition on the core is made possible by the modification of the geometry of the fiber and the removal of a portion of the cladding 4 .
In this paper we study the excitation of surface plasmon resonance using a multimode plastic optical fiber, bent forming a U-shape and side-polished. The metal deposition is made on the polished surface in contact with the core. This configuration is intended to increase the sensitivity of the sensor response because when the radius of curvature decreases the sensitivity increases on the curved region, as is suggested by papers from other fields 5 . The proposed solution is advantageous in the manufacturing of this sensor in comparison to previous sensors. Much has been done in this field using single-mode fiber, but we study the behavior of light coupling inside a plastic optical fiber, and the possibility of taking advantage of the many modes propagated to excite surface plasmons at multiple wavelengths. Apart from the possibility of multiple resonances, plastic optical fiber is a low cost solution, so we can build low cost, singleuse sensors. First we propose a U-shaped geometry, based on the idea of radiating modes to the cladding so that they can interact with the metallic layer; then an alternative shape is proposed in order to avoid the difficulties imposed by the first configuration while still maximizing the coupling of light into the structure. After discussing the various geometries used to build the sensor we propose a straightforward explanation of the resulting curves, for finally discussing the problems faced when designing and testing this first configuration, which will be used as a basis for future work.
EXPERIMENTAL RESULTS

Sample fabrication
The sample consisted on a plastic optical (980 µm core diameter and 1000 µm cladding diameter) fiber embedded in a PMMA block, with a double purpose: maintaining a constant curvature and easing the polishing process. The polishing process was carried out with a 3 µm polishing paper in order to remove the plastic cover and part of the cladding. After this, in order to completely expose the core, we used a 0.9 µm polishing paper.
In this experiment we used two types of samples, depending on the position of the gold deposition and labeled type a and type b, respectively. They are shown in Figure 1 . Figure 1 The two configurations tested in the current paper: type a, in which the gold layer appears at the beginning of the curve, where modes begin to be radiated to the cladding due to the curvature; type b, there the gold layer appears on the maximum curvature region.
The gold layer was deposited on the polished surface using the technique known as e-beam evaporation in high vacuum conditions. In the current samples a gold layer of 20 nm (sufficiently thin to allow for the excitation of a surface plasmon) was deposited at a rate of 0.6 Å/s. This rate was chosen in order to preserve the surface of the plastic optical fiber, as a higher one could lead to the modification of its roughness, which could lead, as will be discussed later, to the alteration of the transmission spectrum.
Sample measurement
After the gold nanolayer had been deposited we measured the transmission spectrum. To do so, the light from a quartzhalogen lamp was coupled to one end of the POF and collected with a microscope objective through the other end. The transmitted light spectrum was recorded averaging 10 expositions of 1 second with an Ocean Optics USB4000 multichannel mini-spectrograph and correcting for the detector dark current. A first measurement of the fiber without the gold deposited layer was used as a reference, so that the resonant wavelengths became apparent when substracting the two signals: the spectrum with the gold layer and without it. The result is shown in Figure 2 . As we can see there are multiple peaks, a result we shall discuss later. During the post processing of the measured data, we applied an additional average filter, to obtain smoother curves. Another sample configuration could result in cleaner signals, so this processing would not be necessary, as was confirmated by further measurements with planar samples (with a high curvature radius).
DISCUSSION
A plastic optic fiber is a highly multimode light guiding device, in which the nanolayer is illuminated by number of modes, which implies it can support multiple resonant wavelengths. The idea behind this conclusion is simple: each mode supports a different propagation constant, k, or, from a geometrical point of view, a different incident angle. Localized surface plasmons vary their resonant wavelength with the incident angle, so, if we are exciting with a number of angles, it is possible to view the result shown in Figure 4 as the joint excitation of all of them, each one with its particular propagation constant and, thus, resonant wavelength. Whether we can take advantage of this multi-resonance in the sensing area or not is a topic we are currently studying. The difference between the sample before and after deposition is only the gold nanolayer, as the curvature was fixed by the PMMA block, so both theory and experiment suggest that the resonances are due to a surface plasmon excitation, with the optic fiber acting like the prism on Kretschmann's configuration. Anyway, a variation of the resonant wavelengths with the refractive index would be a definite proof of the presence of a surface plasmon. The simulation results (based on transfer matrix formalism 6,7 -not shown) also reveal that the layer thickness of the current samples (20 nm), although valid for our purpose, cab be varied to favor a better coupling, and, thus, greater signal to noise ratio. So, the next samples will be a test bench where we will try the proposed ways of improving the signal quality: sample shape and better plasmon excitation. New measurements carried out with different geometries and gold thicknesses initially prove our hypothesis, and show that changing the sample shape we can control the number of resonances. This result explains why type a and type b samples exhibit different peak intensity, as the number of radiated modes is higher in the latter. Those samples also demonstrated that the deposition rate did not affect the properties of the surfaced of the exposed fiber core, as the resulting spectrum after removing the deposited gold layer are the same as before the deposition 8 .
CONCLUSIONS
The noise present in our measurement we conducted is a direct result of the curvature of the sample, which has been reduced in subsequent experiments, as shown in Figure 5 . Another pitfall of a curved sample is that an alteration of the superficial properties of the exposed core during the gold deposition process could lead to mode leakage, so that we could have lossy wavelengths not due to surface plasmon excitation, which could lead to two undesirable situations: additional lossy wavelengths and, in the worst case, in which all the peaks are due to this effect, the sensor could lose all its functionality. This mayor drawback of the plastic fiber based sensor is probably the most dangerous one, and great care is needed in the fabrication and characterization process. Further measurements will require the addition of adhesive layers to ensure the adherence of the gold layer in the presence of liquid analyte, to provide the sufficient refractive index change to prove the sample function as a sensor and study its performance, and, through both simulation and experiment, optimize the sensor characteristics. Although such devices have been demonstrated through the literature, none of the authors have been aware of the potential of plastic optic fiber as a cheap means of building sensing apparatus, if they are carefully designed and fabricated; it is precisely this void the one we are trying to fill with our current research.
